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cchcccetveiy ffiwriw a sufotrwih»h oil ssvcb to 

CXtlME PEffgMn.m AMD S5BSFQU»faV paxccn oil 

Uua invention raltfbaa to xaxmH ng oil. from A subterranean 
oil abalti by xvmtm of a cctxSactiw heat driva pmnms. Nfcrre 
particularly, tfaa invention xelatea to treating a relatively thick* 
and substantially corpdetaly inparneable ccbtamaicab oil ahala by 
uttans of a. conductive boating proraaa which both creates a 
pernuabla zona within a selected portion of tha oil *hsOe and 
subsequently oroououe ehale oil taydrocaxbone. 

A parrqeabili fcy-aidbd type of conductive heat drive for 
producing ail from n sckxerrtuxuxi oil shale wan invented in Sweden 
by F.Ljung^troejn. That process, which wan imwtad abort 40 year* 
ago, was canuarcially asad an a swill scale in the 1950s. It ia 
described in Swedish Patents Not, 121,7371 123,136? 123,137j 
123,133; 125,712 and 126,674, In ad tad State* Patent No. 
2,732,193, and in journal articles such aei "tt nletuxuu nd Shale Oil 
Pyrolyais According to the Ljungstraao Hstbod", IV* \folra ?4 
(1953) No. 3, pagas 119 to 123 , and Ttet JSaaxgy Bocovoriess Par the 
In Situ Dielectric Heating of Oil Shale", OU Shale Syaposiim 
Proo^dingfi U, paqa 311 to 330 U978). In the Swedish procaaa, 
heat ixiTecdcn wells and fluid producing wells were conpleted 
within a peareahle neaa^-surfaco oil anal* fioxnatian so that there 
was Less than a th ree mit re separation between the borehole** (h* 
>ieat injection wells were egjuippwd with electrical or otter heating 
oloncttta lAich were amzounded by a ness of naterlal, such as send 
or cxmnt, arranged to tranaait heat into tba oil ehale while 
preventing any inflowing or outflowing of fluid. In the oil shale 
for which the Swedish process wa* designed and tested, the 
psge a e frlllty was such that, due to a crwrHnoTne inflowing of ground 
water, a continuous porpiu^jut of water was needed bo avoid 
wasting energy by evaporating that water. 

With respect tn *ub*tarttially completely uEpcmaaable, 
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relatively daap and relatively thick oil elude oaprwit*, such as 
thou* Vn the Plcaanca IiaMn in tba unites statoa, ths pofnoMlity 
of utilizing a crwductiva heating urooass for producing, oil ku 
previously eonsictered to ba — according to pr.lor tcachinga and 
beliefs — #vr*icaicall? uDfsawble. For axarpla, in tfca 
above-idontifisd Oil SoaIo Syapoaiua, the Ljuwjafcroa* proco&a is 
characterized en a proas** Khiich success]: uliy recovered .-shale 
oil by rafcedding tubular e.ujctrLcnl heating elcnacrta within 
hic^v-cftudfe shale deposit*. This netted railed on ordinary thanraJ 
Effusion for shale baating, *hic*\, of counts, reoniTes iargu 
tanperatAira gradients. Wuia, hmting ma wry ouD-unifarn; lantho 
wore required to fully retort, stall mat- *j» block© oi shale. 
Also, /ouch bast anergy weu wasted .In untternisiting the shale rmqicwm 
bnyond the peidphary of the mtuiU ng *one end cvcriiaeidnja the 
shale closest to tha beat wares. The latter probla* in ef^cciadly 
important iu the cat* of ffeauern shales, aire* theaml «TMrqy in, 
overbuartod zow, cannot bs fully recovered by diffusion dno to 
ci^thorntLc ncsctiorw which take place above abojt WO {page 
313) . 

In substantially ixs^erneable types of relatively thick 
eubtarxaneao oil ahals fan»tioaa, tha creating and aain tainin g of 
a pemcobifl sons through which tha pyrolysis prrxijeta can be flowed 
lias been found to ba a severe problem. In yr. Patent Kb. 3,468,376, 
it ic stated (in cola. 1 and 2) that, "Store are two wochaoiaaai 
involved in tha transport of haat through the oil shale. Heat ia 
txansferrod through tha solid oftfit of oil anal* by conduct irrn. 
boat is alas transferred by convection through tha solid teas of 
oil shale. Tte t ransfer of haat by conduction ia a relatively slow 
prooaaa. Tha average tnecml uondactiTity and average tfaaroal 
diffqslvity oX oil shaia are about thoaa at a firetricX. Tha nmtrix 
of anljd oil shale has ao wctreaely lew paxxnability such 1D» 
unbiased poxoalaln. As a xwult, tha cxwvcctiva transfer of heat ia 
lisdtad to hasting by fluid flows obtained in opan channels which 
traverse tha nil shale. 'Jbeea flow channels my ba natural and 
artificially induced fractures. ... On hasting, a layer of 
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pyroly**d oil shale builds adjacent the chancel. Tide laywr is aa 
inorganic winerel twrtriji irtrich contains varying degroes of carton. 
The layer is an evcr^-oxpaoding barrier to best flew frca the 
heating fluid in the chaonal." T*e pacent is directed to a proceea 
for circulating btmtmfi oil i^hala-pyrolyting fluid through a flow 
ehacneJ %*dle adding abrasive particle* to the circulating fluid to 
erode the layer of pyruiyred oil stela being fenced adjacent to tho 
channel. 

Alttojgh the thermal conductivity and thooml dixxiuo.v.lty of 
many s^terraoaan oil shales ax*, in fact, relatively amUex to 
those of i mgla jecd porcelain snd firrhHrfr, DB Patent Ha 3,237,689 
postulates that •* rapid advance of a heat front* (Col. 3, line 7) 
can be obtained by exchanging heat bat a een the oil shale and a 
nuclear reactor cooling f laid and describes syctens for uaing such 
reactor* aithar locatad on the earth's surface or In the oil soil* 
deposit. 

OS Patent No, 3,2M,2B1 says (at Col. 1 P lines 3-21), "lb* 
production of oil fxaom oil shale, by beating tba shale by various 
maane such as ... an alactrical resistance heater ... baa bean 
attempted with little aoccm, , . . Fracturing d the snala oil 
prior to tba application of beat thereto by in situ TEfaw^lT) ox 
other means baa bean pi^ctlsed with little success because the 
shale sweUs upon Ideating vrith conoequant partial, or ©Deplete 
closure of the fra cture*. Ttm patent describes a ja i* of 
aaquentially heating (and thus spelling) tba oil shale, than 
injecting fluid to bydraulically fracture the iMollan shale, then 
repeating thosa steps until a heat-stable fnctO PB has beta) 
propagated into a production wall. 

US Patent !*>. 3,<55,3fl3 describes the aonwnlatim of 
partially depleted oil chela fxagaects within a flow channel such 
as a hnrisrnral fracturo being held open by the preeanrc of the 
fluid within the chenad. the patent discloses that if the channel 
roof is Uftad to geruitaln a flow path above such a layer of 
depleted shale, the overlying Cntm&irvm tejet be bent and, without 
preewtiemo, will bend to an extant causing fractures to extend up 



to the surface of tba earth, ftc pa tact 1p directed to a process of 
IntaanrittaniJy refusing tha ptwurc on tha flirirt vitMn such ae 
fcacture to allow tha wight of tna overtomtoo to crush and oonpaot 
the layer of depleted shale. 
5 rno aitjnifHramt portion of substantial J y inpafseable and 

relatival? thic* oil abal* deposit*, wich aa those in tha Pioaance 
Basin, a «alaable resource of alcmjiiin ic present to the Icxta of 
toocnlta. to © Patent No. 3,3OT,97S, directed to recovering 
alurrinio* vain** frtan retorted oil afaalae which have baan mined out 

ID txaa each deposits, it la pointed oat that. In a substantial 

absence of waber# at t anyaratu rea of about 1300 *P the dawsonine is 
converted to crystalline fiodiun aJUjcinato. Such a water-free 
retorting ceo denacoee dolauite in the shale, to produce carbon 
dio xi d e , calcitn, and rwyiesixea oxide so that nagncaiiaa oxide 

j5 conbinea with part of tha eilicon dioadd* in tbe shale, io a nanner 
permitting a higher recovery of the aluelnlun valoea by a loaching 
process. OS Patent Mo. 3,502,372, directed to utilising eolation 
grittin g to recover ilami atae, jjvWfef a that where the pyrolyais is 
effected by an agueoua flnifl, each m stent or the products of 

2a UDder^roaoi costustion, it net be conducted at a low ten^eratur* 
and thus relatively elowly, to avoid converting the dsMvsnite and 
other soluble altrnMrriiai ooopoonfl a to an insoluble BStsxlal such aa 
analcit*. In US Patent ft). 3,372,838, a sinilar relatively low 
teaperatura pyrolywJe Is alternated wits injections of an aqusoua 

23 alkaline fluid containing en acid-iasoliihle chelating agent to aid 
in leaching daweonite without terdog such insoluble aaterials. 

Che opes ao t invantim relates to a proceae for condaetively 
heating a miiimx lan ean oil efaele toraartfon in a teener arrang e d tor 
producing oil frm a anbtarranea o oil ahale fnrmeMon which ia, 

30 initially, substantially iiyai jujahle. Dv accordance with this 
invention, the portion of oil ebale deposit to be treated is 
selected, on the basis of the variations with depth in the 
ccxBositlon an pcopartiee of its aoepenenta, to have propertiaa 
capable of inteeaeting in a nacocr virich enhances the tmlfoenity of 

35 the heat front* to an extent limiting the tine and energy 
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expenditures producing the oil to values equivalent to less than 
the value of the oil whicn is produoed. The selection of the 
treetnent interval ie based on the grade and thickness of the 
portion of oil shale deposit to be treated end toe enhooccnont it 
providea amounts to reducing the amount of beat energy loot doe to 
exothermic elde reaction* and increasing the amount of oil 
recovered from a given grade of oil eh ale. 

In eeoordeoee with thle invention at least tvo veil* are 
completed into a subtsrraneao oil abate treatment interval which 
it substantially lapermsable, contain* subatantisily no mobile 
water, is at least about 30 a thick, la capable of confining fluid 
at process praaeurc, at least substantially within the treatment 
interval, and contatoe a grade eod thickness of oil shale such 
that the average grade la gallons of oil plus gas eguivalent per 
too by rieoher Assay le at least eboot 10 and the product of the 
grade tines the thickness in metres of the oil ihala ia at least 
about 900. 

Thus, the present invention providea in a process lo 
which cU Is produced froa a subterraaean oil shale deposit by 
extending at least one each of heat-injecting end fluid-producing 
wells into the deposit, establishing a beat-conductive fluid* 
Impermeable barrier between the Interior of each heat- in J acting 
well and the adjacent deposit, and then heating the interior of 
each heat-Injecting well at a temperature sufficient to 
coudactlweiy heat ell ahele kerogen and cause pyrolyale products 
to form fractures within the oil shale deposit through which the 
pyrolyela products are displsoed into at least one production 
wall, an improvement for enhancing the uniformity of the heat 
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fronts noving through tn.e Q n shale deposit, which coapriseer 

dete raining variation, with depth in the exposition and 

properties of the oil ituU deposit; 

completing said heat-in Jeetiqg And iluid-pxeducing velle 
eelectively into a treataent interval of oil shale in which 
the oil shale deposit (a) le at leaat about 30 a thick, (b) 
ie substantially lnperaeable and free of mobile water, 
(€) bee a coapositioa and thickness aqch that the product of 
the avezege rlecher *eaay grade tiaee the thickness of the 
treataent interval la at least about 900, and <d) thereby 
contains conponents capable of interacting in « tanner 
enhancing the uniformity of a trout of conductively 
transmitted beet, with aeid vella being arranged so that, 
at laaat substantially throughout said treatment interval, 
the veil boreholes are substantially parallel end are 
separated by sobetentielly equal distances of at least 
about 6 «/ and 

within the interior of each heat-lnjeotino veil naiatnining 
an average temperature which, selectively along said 
treataent interval, is at least about 600°C, but ia not 
high enough to themsUy damage equipment vithlo the well, 
while heat la being traasaitted. away f roa the well at a 
rate not significantly faater than that pernitted by the 
theraai conduct ivlt lee of the earth formations adjacent to 
the heated interval vlthin the veil. 

Id a looatioa in valch a egbterranean oil shale aay 
contain portions which axe generally suitable for nse ee a 
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treatment interval (as described above) but are ape to be 
peraeeto* by substantially disconnected natural fractures and/ or 
Planes of veakness as vail as being located near boundaries of the 
oil recovery pattern *n6foi near a potentially active aquifer, the 
operation of the present process can advantageously be combined 
with a use of "guard walla- locate* naar the periphery of the oil 
recovery pattern sod/or betvoen a production well and an aquifer. 
Such guard veils are extended at least substantially throughout 
10 tbe vertical extent of the treatment Intervals ead the adjacent 

formation* era Initially heated by thermal conduction in a tanner 
similar to that employed in the heat* injecting veils, except that 
the guard veils are heated at temperatures vblcb ara too lov to 
gasify significant proportion of the oil shale organic components 
but are high enough to cause a significant thersal expension of 
the rocfc matrix of the oil ahale deposit. 

in sons Instances, it may be desirable to aaintaln such 

a 
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relatively lew taaperarnre guard woll heoctdng throughout at Least d 
substaDtial portion of the shale oil rAWiry proem. In otter 
irwtansea, altar aa initial mJativcly lev teoperatuca Km ting of 
tha gasrd Mel Is, It i*y ba ad»/antagacufl to heal guard walla at 
about the tnepcradure selected for the haat-lTrjectiDg wells, in 
ordar to expand the pattern of %alle fro* anicli oil is displaced by 
thocnal conduction. 

a» used herein xwgoxding the grade or the portion of oil shale 
to ba trotted* the "average grade in gallons per ton by Fischer 
Assay* raf ere to the following: T3* dataraination is or la 
equivalent to a dsterxiination ccoducted substantially aa described 
in tha aCTM Standard Teat larthod U 3904-60, cwahed iw shale la 
sxuapled oy rifne-splittiuo. Tha detaadjution of the emaxt of oil 
plus gas equivalent available^ fron oil shale la nade by heating tha 
raK shale from ancient caaperaturc to 500 *C in cast aJUaMntne^ 
alloy retorts. The vapours diatillad from tho saipla are cooled and 
the condensed fraction la collected. The oil and water fraction* 
are separated, tha *ater volutti (converted to vai^ht equivaleot) la 
noasorad and attracted Croc the oil pins «st*r weight. Che weight 
of nnconrto nsafa la gases evolved <gaa-pluaKloss) la than calculated 
by difference, lbs grade, aa ueed in tha "grade tines thickness in 
Metres of oil shale" product/ ia tha gallons of oil plus 
fyorccarben gas equivalent corresponding to tha total wight of nil 
pins hydrocarbon gas evolved by the heating. 

The Willi* ate ccnpleted Into the treata a nt interval and ara 
arranged to provide at least one each of heat-injecting and finirt- 
proving valla haying tcreholcs afaicb, eohatantially throughout 
the troatasnt interval, are etaastantially parallel and ana 
separated by substantially equal distances of at least shoot 6 at 
In each lawt-injacting sell, substantially throughout the txaataent 
interval, tho we>U-aucn»ding face of the oil shale foexotion is 
sealed vith a solid ntarial and/or oanawtt vhich is relatively heat 
condnstive and substantially fluid inpeaxawbla. In each fluid* 
producing well, sahatarxcially throughout tho traatx a nt interval, 
fluid ooanvueation is AstabUshed botwoon tha wall barahole end 
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thn nu shale fooraatico anJ the w*U la arranged for producing 
fluid iron tha oil shale fomatim. The interior, of aach 
heat-injecting w*Jl is hoartcd, at laast sobatanHaUy theco^hcut 
the trcbtant interval, at a rate or rate* onyrfrln of (a] 
5 increasing tha taxperwtnra within the borobolA inUrinr to at lease 
aktjjt 600 *C asd <b) Maintaining a borehole intarior literature of 
at kut about 600 *C without causing it to becora high nx^i tn 
thtortiily dasaga equtpneat within the borahole while the rate tit 
which boat la generated in the borahola ia ftobatcntiaily equal to 

io that perndcted lay tha b*at oroJoctivity of the oil whole fomtion. 

lit a preferred catoiUmnt of the present process, the. atrtariol 
for scaling the face of tha oil chela tenant fm along tha borebedo 
of at. least one haat-injactlng well la a closed hcrttm rearing 
qiontod by oonmt arranged to fill sitetantiaUy all of tha spaa* 

iS batwaan each <xjt*j3JO*t awtallic elaaeot present; within tho Interior 
of tb? borehole rod the adjacent face of tha oil aha la fonrntion* 
with said carsoot having a thraal connectivity at laaat 
aabatanttaily aa high aa that erf the oil ahala 6omxtion. 
DetecRonatlans ara eerie of variations with depth in tha 

20 cospoaitioi and propertine of tha oil shale deposit and, in a 

particularly pref e rr ed procedure, baaed on tha variation wlefa depth 
in tha heat orrrtrrtivity of tha oil shale flaposit, tha heat- 
injecting walls axe boated so that raiativaiy higher baper aturoa 
are applied at oepthe adjacent to portlone of tha oil shale deposit 

25 in which tho bast oonritaefcivicy is relatively low. In addition, or 
alternatively, in varioaft aituationa, tha effective radius of at 
least one haat-in^aoting well is Increased by creating aa expanded 
portion of the wall borehole and attending heat-coodoottng natal 
eJeoertts Aran within the heated wall interior to naar tha tail of 

jo tha expanded portion of tho borehole* 

Tha peasant pr o c es s Id valuable for use tdthia a rnaahaant 
imer\«al of oil shala which contains otter valuable m rural* such as 
dmacnice and/or nahoolifaa. In each a situation the present peoaasa 
creates a nezxrabla tccca Wiich la aeiectively located, within the 

*5 treataent interval and acfeatantUlly within tha boundaries of tho 
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wall paLtoED U6*d ±or the oil production. The resultant parable 
zone i* a zoo* free which soch other minerals can ha jnlntlon- 
reused* 

In g-oeral, the present invention is applicable to 
5 substantially any subtemmaan oil .ihal* deposit containing on 
interval of eubetenHally lflpaiaaablft oil sha3* which is 
aLiurcarrt.ially free of wobUe *ac*r, is xferc then afcnut 30 it thicfc, 
and bate «d adequate overage grade In gallons per too (Fischer 
Assay) to give a grado-thickness product of about 900 or greatsx* 
10 The average grade of the heated interval should be creates; than 

about 10 gallons per ton (Fischer Assay) . Within LUaee l£mt*tionc, 
a higher grade- thickness product b» increasingly desirable if other 
condition* such as depth rcaain tba sane. 

1?V5 inwntinn will new be oxplaioacl in greater detail with. 
(3 xtsfererre to the accoapan ying cravings, is which* 

FigtcDa 1 shows a plot of relative rate of return (ISO for 1982 
IS dollars invested in installing sod operating the pxocoes of the 
present invention, as a function of oil shale grade-thickness 
(GCTfl product, to produce shale oil at its 1982 vsloa, 
20 Figrae 2 illustrate* « plot of thsrnal proff Ins at an 

cbeervation well regarding temperatures caaasured at different 
depths CD) and tins within that vail. 

Figure 3 is a plot of the radial thsrnal profiles at the 
Atiddle of a heated tone alter different tinea of heating. 
25 Figure 4 is a plot of therm) conduct! vitisa parallel and 

perpendicular to the tedding planaa of an oil shale as a function 
of teupcrcrture. 

Figure 5 is a graph of Fischer Assay yield with depth CD) in 
and above a hasted portion of subterranean oil shale. 
30 Figures 6 and 7 axe plots of horizontal and vortical 

tenfaessrisurs profiles within a heated portion ot SMtafaej caneeji oil 
shale fcrnetion. 

Figure 8 is a echeeetio illustration of a prrHnn of a well 
ccopletion arrangsrant soltahlo for practising the pi eaant 
35 indention. 
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ml\ patter* used tat the oil proefceticru The nwulfcant pcrrnrjabla 
2nw i.« a zoom fjxa %*iicfc each other aincrala can be solntlon- 
sdned* 

In general, the present invention Is applioaMft to 
5 cubttaotiaily any subterranean nil ahal* deposit ccotadning on 
interval of etssetanH al ly loyttraaapl* oil «h«]« which is 
substantially £rco of eohile totter* Is sure ttai afcnut 30 ti thidt, 
and hag an adequate average grade in gallons par too (piaOhar 
Assay) to give a grada-thicknaea product of about 900 or greater., 
10 Tha average grade of the heated Interval atoold be greater than 

about 10 gallon* per ton (rtacher Assay) . Within thaae lintnaUonc, 
a higher grade- ddokneea proda c t U increasingly daeirabla if other 
canditime auch as depth meln the sane. 

1h3 inventiflD will new be explained in greater detail with 
(5 Tftfererce to the aooaapenying drawings, is vhichx 

Pignxe \ above a plot of relative rate of return (BR) for 1982 
US riollflTe it wee led in Installing and operating the procoee of the 
present infa nt: i ce, as a function of* oil a ha l a grade^thictoc&s 
(Gtfzm product/ tr> produce shale oil at its 1982 veins* 
20 Figure 2 illustrate* a plot of thsraal profiles at en 

observation mil regardljtg tefoperaturea anuaared at rti ftto a n t 
depths 10) aod taawi within that veil. 

Figure 3 is a plot of the radial thernal profilea at the 
middle of a heated none after different tine* of heating. 
25 rigum 4 ii a plot of thenoal conductivities parallel and 

porpandicuiar to the bedding plana* of an oU shale as a function 
of te m pe r ature* 

Figure $ is a graph of Tiecber Aaeay yield with depth CD) In 
and abcee a banted paction of subterranean oil shale. 
30 Figures 6 add 7 axe plots of horizontal and vertical 

tanpecacbire profiles within a heated portion oft eufefeej canaan oil 
shale foraetion. 

rigere 9 is a ecreeetlo illustration uf a pnrHnn of a eel I 
ccepletion arrang e *!** editable for practising the present 
35 ilWFMl jfllU 
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tax sand, Ljxogstrosa tttgcfna that tha in aitu heating and 
pyroly^ing ahonld ho dona in a pottle© of the iapanteablo foxntttion 
which i$ vertically flontiguoua to a weU-lnturcunnecfcinq fracture 
or a layer tfilch hae different geological character and ia 
praaable to How of the fluid jaro&jr** of the heating or 
nyrolyais. 

Contrary to the ixpHcatiarai of such prior tnechinge exrt 
beliefs, ^Oicaats diaocwurad thut tha pccosntly described 
conductive haatiog process is economically feasible for use in a 
adbatantiaJly ijoperjeabla subterranean oil af*]*, Thie id not 
obvicus, particularly in vda*? of the fact that tha prwajit process 
uses a flueh larger well pacing than tbat used in tha Swedish 
proems and tba preaent pccccss Is concocted by heating tha 
injection veils to taxaprotures of at laaat about 600 *C jaltbjuyh 
600 *C boa baen said to ba conducive to an sconnaicalfr untenable, 
heat^wastiog, mbthemic reaction^ see the Oil Shale Bfxpamxm 
Proceedings npntlnnel above). 

By roeane of laboratory and field test mwueic nta and 
itf i fhara tial rwxtels of tba present pxooeea, applicants have found 
that ubsa tba *ei3a are spaced, completed, and oearared as 
presently described, the only region in which beat energy is 
utilized in an endotharadc reaction to leas than about 11 

of tha area to be heated, and tha energy lost in that faehion ia 
insignif ioatt- Applicants have oaafi&red the rate at which 
aubetantially inporraabaa oil shale foatttions era baated by 
conductivity, and have dateJfednad the aaouot of boat regjxLred for 
pyrolyt ing kerogan eod theraeOly pressurising the cyrolysie 
products to pressures capable of tnct o rtng a relatively deep oU 
flhale BoxnBi Ion add tfaaraally displacing pyxolyeie pcodbcts through 
tba ao-cxeeted penoeability, 

lbs data obtained by such tMasareaants in fobs field and in the 
laboratory nova bean saplcyed in calculations of power rsguira- 
aanta, eoorcndcs, tin to start prnftyrtlnn, project Axraticn, 
aaoont of prediction, etc., in ajttbeaatical sisulationa that 
cnrzalata with the field and laboratory data and indicate the 
oognitadee of such factors in raapect to a full seals proceae. 
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Those oalculaticoe indicate that tha presently defined rcrxws i* 
tha only ahaOa oil yrortnctirm ptwc*» of wht.ch applicants arc aon 
which is cepabla of economically obtaining oil Crco a relatively 
low grade oil uhale tonnatifjn, soch as ona in which tha Fleeter 
Away 39 only 15 gallon* or laaa per too. Ms capability can 
Incrcasa tha petrolsun rwwvw of a aigruttaeint p roport ion of the 
oil shade land* by a lector of six. In addition, with respect to 
uTCJOBftsec for ucv*xrjrou3^i mining and oodified in fcitu ratnrting oi 
oil shale, the prwent process Bignificmtly inoredoca tha awxnt 
of available zesourcaa by eliminating the naod tor support pillar* 
and iutcztutdan between aajiing zones and by providing « seana fur 
treating substantially all of a very thick interval of oil shale. 

TJ» present process can aoVantagoously ba applied to an oil 
abate forwition in wbich there is Bignificant coreantratiai o£ a 
ndnaral such aa &c*Kr±bm or naboolita. In such a rbrsstian the 
PXComm providaw « pexnoabla zone frm which such a mineral can be 
recovered, in addition, the praaant process ia particularly 
advantnoacos in co n v ert ing dawaonita to watar-wlpble cenpounua of 
al i a rrinli a ni (probably dwlxodna) which have bean (both chsnicelly 
and physically) wane available for aolutico-arining to prcdnc* the 
almdjiim — an aaaanUal tutorial which ia in abort supply vitbin 
the Otitad States. lb contrast to uany previously proposed 
processus, the process of the present invention ropirws sub- 
stantially no water, involves ariniwd lard disruption, cod can ba 
CGQcboctad with adnisad at j o oopharic pollution. 

Figure 1 shews the relative rata of return for 19*2 us dollars 
invested in Installing and operating tha prcscra process in field 
application that have been agthaamtically aodallad from data, 
obtain*! by field and laboratory obsj uu mea ts. 

A soxies at injection and raxdnctioo Mails in drilled into an 
oil shale foraition 4B n in thickness with 120 a of c^erburttan- Tha 
avcxuQM. oil grada of the lntarvol ia 20 gallons per ton as ctetcr- 
ained by Fischer Assay* 

Tha veil pattern is a sera-spot with each heat injector ab 
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tha comer of a regular hexagon surrounding a central prrrtring 
wall, spacing i* 22.5 to betwaen producers and 5n}«ctora. 
P&ttttcri r^p«t« with producers whoring th* in^ctnrB in each 
direction cod ccntinaas to torn a field-*dn* pattern capable of 
5 prcxiuciag a lar^i quantity of oil. Hie injactpr- tr^ ^ prc dVcar ratio 
approach^* 2 to 1 io a Large liaJd. in Fbarej>lo 1 tfaa total ail 
pradncticn is 25,000 Uimala par day throughout the lliu uf tha 
project. 

Tfc* injaction weUs electrical haatara are orwmted into Cha 
10 formation add cccnaztad to a powsr scuroo on the anrraca. 2ha 
production wells art oguljxxai.with standard oil field pjrp? for 
lifting the prodooad oil to tfaa aurrac*. na electrical injection 
rato la 3.23 x 10 6 HEU/'weU per day. Tha tentaretare of tha 
injector* ortnina 750 *C ttie production vclla reach a tarsoral 
15 tanparafcure of M0 •C after 33-34 yean of operatic^. Prodbetian 
over thiA period avexagu 5-6 barralii/day pur wall, with the 
average auefaer of active nrodocipg wells being fire* about 400 0 to 
5000. (Tost conauaption ia 1.1 x 10 6 ttro/baxrel of liquid oil 
prodacfclon* 

20 Gaaecue products collected fro* tha production wells my be 

otfad for on-aita generation of eloctrlcity or attmr pnpaaea. Tna 
oil-phaao pcfcrolcu*; which ia m pcoonced is soperior to con- 
ventionally retorted ahaia oil. Uoa ralatiae rata of return which 
can be B*perfrart frjen the fcuapie 1 oltoation is Uluatxatad by tha 

25 "EX. 1" ftimTHnn deaignation on Picnre 1. 
FXrtHPLB 2 

A aariaa of injaction and production wells are drilled into an 
oxl shale locution 225 a in thicknaaa with 300 n of cvendxixderu 
Tha average grade of tha oil shale interval is 26 gal kna par ton 

:)0 a» datanifiiad by risdicr aaesy. 

Tha wall pattern is the sane soven-epot daecribid in tanpla 1 
axo^jt tha apadog ia 13.5 » between walls instead of 22.5 m. Total 
production ia 25,000 borralayday tronghoet tha lira of the project. 
The Injector to gtxAxat ratio still apprcacnaa 2 to 1 ♦ in tha 

15 wells, the beator* and production acjulnaant arm aiadlax to thoaa 
described in Jftanpl* U 
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'•Oft •OcctrlOttl injection rata 15 10.55 s I0 6 BTO/WLL pw day. 
ltw iniection wall ta^taratutaa reach 7S0 'C and tbe proJuctinn 
wells rooLh a final ten pe ratu re of 300 °c after a protection 
of 9-10 year*. Product ion ovwr this poxlod avaragee 42-43 
S harr«W<tay per wull, with the average nuiUtr of active producing 
wall* being abcut £00. TSu heat cxzsuqptioii 1a 5,6 y 1Q 5 IFWbanel 
of liquid 611 prodDOcd. 

Aa in ftn a qple r # gaseous product* can be uaad for on-6itu 
power gemratioo or other purposes and the liquid produce vril] bo 
10 higher in quality than conventionally xctortod fihala oil. Tre 

relative rata of return wuicb can ba expected ie iliu*trutcd by the 
•Ex. I 9 situation designation on Figure l« 

fable 1 lists ccnfeLrwtiora of oil, shale grada*, tMcfcnessaa 
and grade-Chictaoe* urodjcba vridlcb are generally auitabla for vw 
I 5 in the present prooeas* The relative position* of such grata? 

thidawss products with respect to tba relative rate* of financial 
xetszzi are illustrated by tre designationa "Pmferrad Itage* {P.RJ 
and -Bapeclally Preferred Stage 4 (H,P,&. j on figure 1. 



(frarte {gallona/tcp) T ftUAness le> amda % Thickness 

30 30 900 

20 45 900 

10 90 900 



More deairabla grade thickness Mttaplaa are jtfwn as follow 

Grade fnmilcne/ten) yxictooae fta) Qrada x Ihidcneae 

30 ISO 4500 

25 SO 1500 

20 300 6000 

15 flOO 9000 

ID 225 22SO 



20 m 9Bnex*l, the higher the grade thickness product the rare 

davixuble. The preeUceL application is United only by tfw ability 
to heat the da aired interval. 
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Field f^gt taasurapapts 

Teata v*i* aandnotwd in an ooccrqpplng of an oil shale 
foraatloa which is typical oi avfeatanCiAlly IrfMnrni^la and 
relatively thick oi]. ahalo dapoaita. Thirteen boroboles win 
S drilled to depth* between 6 txxl U mimd Arranged tx> provide 9 
pattam of beeb-iniectinn, abeervation am Uuia^xoductian wttlU , 
with the borehole Isuag epaoed About 0.6 a apart in order to 
provida a relatively rapid acquisition of data. But wan injected 
at a rata of about 1000 watt* par Tvjti* for five day a. after the 

]0 heat-injection well teapentore hod reached 4 SO *C, a tciaperaturm 
fall-off test we* run tor one day. 

Figure 2 shows the vertical therxal proH1ow in an crwxvatica 
well, as a function of tlao, Tha data wee fitted to a anthnfcical 
solution describing the tasparet ur a dijrfcributicn aztxrd a 

15 finite-length line moan* inside a rediuo of thaznal oGndacUvlty 
(parallel to bedding) 3.23 ralA*Mec-V: and thaxnal conductivity 
tpespe nrt l n n l a r l 3.25 Kml/ca-aae^a the epedftn heat capacity 
utilized iii the ralcal atlms was eoaputad frca the thermal 
conductivity/ thasml difftwivity, and avexaoa bulk density of 

20 cores recovered during drilling of the wells. The t hsrsopby eig&l 
properties fee the the oil fchsla in which the teats wars conducted 
are samarifiad in Hahle 2. 



Figure 3 abas* radial profiles oanputed tor the middle of the 
hoatcd 20m for vmriom betting tines it) • At the end of a 
13 temperature fcuild-ts* teet of 140.5 hoars, tt» avexaom fUaa tlop 
teapetatopo botMto the harter and cbeecvation well waa 120 °C, 



T«I 2 



Initial Resurvoir Ta opaxatnr e 

FiBGhar A39cT>M 

nulX Density! 
■Xhacnal DiffUeivityt 
Specif 1o Cleat Capa city : 



9.B *C 

20 gallon/too 
2»2D tptfen? 
6.6 x 10~ 3 ca^/aec 
0.224 oal/cpi *C 
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Pigure 4 shews a comparison of laboratory values and field 
data rwiative to the thsmel conductivity parallel tn end 
perpendicular to thm badding plane* o( the oil ahnio tarnation, mm 
a function of b aa p exatu re). the latoratory conductivity waagareaanta 
5 were safe on arfjacaot aaspleii of cores frao the observation well, 
ujting flcnne core* cut parallel to ad am cut pexperdicular to tho 
bedding plane** A ro trogcn-eilicephene woe uad to aliadnate 
oxldatioo reaction,, The sanples weoc© constrained in the vortical 
direction bat were ton ta expend radially- After the asoplos were 

10 heated to 800 *C # the radial aocpaneian iveraged \.43%. As shown in 
the figure©, the laboratory values are is esoellant agr e em e n t with 
tha velutta ccnpjtert from the field data. The twwt* indicate that 
the tterrel conductivity in low in the direction perpendicular ta 
the bonding plrao, harm me kerogan layers iteve a lover ooodpctivlty 

15 than thw dalcnite watrix, M teapexatoree below 100 °C, the there*! 
conductivity in essentially isotropic, as observed in tho field 
tests. But, that cceAictivity bacceee increasingly anisotropic, a* 
the kerogen is renewed (at b fl eperetnr ee between 300 and 400 *C) and 
gae begins to occupy the spaces b e twe e n the layer** Above 700 *C, 

20 both the parallel and pe r p eodic ulax conductivity dec eeeee ehsxply 
due to the daooapositirsi of the dolceite and evolatLaa of 00^. 

When a subterranean oil shale ftrnrw t fan ie beeted the oil 
mheia arenas as the tacjperature increases- When the col ehele 
tsh%M3Taturm reechee a kercgen pyrolysiBo \n%w ature {far QMaaple» 

25 fran about 27S-325 *C) additional expaneion farces are generated* 
Tho kerogen is converted to fluids capable of occupying a lar^ser 
volune than the karouan, and each fluids baocae increasingly 
pressurised When the taBeperatxttC is increased. As sore ftirirt la 
forrnad and sore fluid is heated, hydranllcally induced fcreotares 

30 fcro witliin tfao oil ehelo fiorretion. 

Practares which axe lydreulioally induced within edbterraoean 
earth toasjtlone fan along planes perpeMloular to the leaee of 
the threw principal coepre e w e etreeeee (i,e», one vertical end 
two tutuolly perpendicular horizontal compressive sUesees ) which 

15 exist within any subtei i eneen earth trmtim. Howevex, where the 
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hydraulic fracture* ten* to be vertical, hcrimntal fractures can 
be foraed by injecting heated ttuido go tiat the well* of the 
vertical fractorco Wtt heated urti3 they swell abut, Then, by 
incroasi/q the fluid iajectkc pittwsura to greater than cMUbuxden 
prewuro, a horizontal frector e can be fnnrrri. such processes Cor 
theraally in* ic ing the fbotwtion of hcrizmtat fracturec by 
injecting externally hasted end preecuriftfd fluide ate inscribed in 
patents such as t)ie flbcwe-teotiorad 08 Patent Ho, 3,284,781;. 18 
Patent Nb. 3, 455, 391 by C.B. Matthate, P, V<rmora and C.W. Vblak, 
and IS Patent Ro« 3,613,78$ by P.J. Clnettutru 

applicants have now discovered that «hm sxtoatentlelly 
iaparneaWp subterranean oil ahalee having the presently «f^**-H 
ccat>1 nation of gxad* end thickness teece coodjctively boated a* 
presently *}»ci£ied« a rare of parneability mi jJeeelcped tctaeeen 
welle within the oil abaie, AlthDogh the proeaat invantian is noc 
premised on any particular aachenim, in bhe course of such a 
treatment the heated oil afaale behaved mm thoggh it was subjected 
to the aboue-daecribed type of process for thersally iotociDq the 
foemfttian of horizontal fractures. Sack a bebavieox wee not 
predictable, since the pteeent process is operated without any 
injection of any fluid* It appears that when the present process la 
cporattfd within an i a p er aaable oil shale, the in aitn ganaratim 
and (ftsplacencnt of heated and highly pressurized fluide occurs at 
the tinea and to the extent* needed to aucceselvely extend and 
horizontally fra ct ure tftrocqh successive porHnne of the oil abate, 
whan those portions becon aondectively heatod. The zona being 
boated appear* to undergo a relatively cnifhnn, horizontals radial 
expansion t hr o u gh the oil etnle, at the rate eat by the thawed 
ccodjctiLvity of the oil shale. Ib each suueeeeive location in v*tich 
a Xeroses pyrolyaing ba t qperstu rs ie reached, fluids appear to be 
tamed, heated and pressurised an that enbatantially any vertical 
fractures whir* are fiorned within the heated zone are subsequently 
converted to bsrixottal fractures* 

Applicant*' teats indicated that substantially ell of the 
fluid pyrolyels products of the oil shale bended to reuzin in or 
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rear the lccsticoa in which they vere fowttd untU ttey were 
di^lacod, tfarongh anbeteotLally hori*orual frauturaa, Into «Us 
adjoining tbo b»at-inn acting well*. In addition, the fractttra- 
inducing pressure of fluids in the horizontal fxactarcs appears to 
5 to bran induced as thoa* fluids expanded and Mere cooled as thjy 
moved fiMy £zcn Urn hottest portiona of the baoted zone. 

the prunt process sea to trvtoc the eoving of a zono 
of kwroccD-^roly-ilog tenperatures tttrot^h tte oil shale 
ixBB±L«taly behind a zona of Jxcalited Eroctn gA ng in lidch t±» 

10 fractures ou, or soon beccme, bori7sontal fractiiraa, "Us© heating 
and fractaurlng urm am to \x*3or?a a sobseantielly mifboo, 
hoxitontai, radial exponainn through tha oil shale, u nti l tfat tcna 
of fracturing reeeboa a location [sadb as tha boratola of a 
production wall) frcn which tba oil shale pyrolyaia prodmcts axw 

(5 withdraw*. 

In addition, acplicante have discovered that, at least «ber» 
tha overburden pressure ia aaall, the xono of paqa ja b illty that ia 
created between adjacent walla retains a aiyilttrantly high ctagrea 
of pcnraabilifcy altar the teaactiona hare cooled, TDtm it appears 

20 that, «9on if tha cv e rbqrdan preeanza ia high* an application of 
tba present process ia capable of foaaing a %aUl-interooraiactiag 
zcoo In which tha permeability ramina hioh or can ba readily 
restored by an injection of fluid after «a or all of t>» heat baa 
dlaaipated* And/ tbe degree and locatixu of that parajacbility oaa 

25 be ajntrollad by controlling tba rata of resaoviog tinid fro* the 
producing valla. 

ttat data obtained by lawursaerits in field taste of the type 
daacxlbed above vara inclusive oft tbe thermal conductivity of tba 
oil ahala fancaticT^ the anouat of oil recoverable by Fiadaa? 

20 analysis at varioaa depth* within basted interval* of tba oil shale 
before and after bunting, the aeemnrapeet of tbe anooet of 
pyxDlyjjia pcodosts rocoMarad, and tbe like. KMle no cconrmicetico 
existed beto es n best ix &xtrr * and prodoosra at teat ataxt-up, 
injcctlcna at tbe end of the test deecostxatsd that pexpoeble 

35 chamois bad fbzaad* fh* results of atandsvd engineering 
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calculations were indiistive of the appltc^biUty of a crac pt of 
tr» type aescrlJx-d above to the results obtained by the teete. 

Piqora 5 .Is a graph of Fischer Anzxy yields, £rm tha targnt 
zooc in the field test, ao a function of depth 0- The hcatud 
interval entondad fnen t.2 to 6 «. lbe solid curve slews tte yields 
before the heating traatraait and the. dashed curve ita the yields 
after ret/xting was oaspietad. *!he yields before and after wro 
owsentialiy the outside tha banted interval. *S» nttucomts 
were ao&t on mrta froi the centre of tha pattern before testing 
and on cocoa about 13 ao amy after boating. The variations which 
arm apparent Id those yielda an within the nocaal liauta of 
aocaxecy for tha rnaaavrlng of such values* 

Nibhia tha heated Interval tho Fischer Assay yield drops frca 
an average of 20 gallcrm/tan- before the tast to kn than 2 
gallone/ton after heating. The retorting efficiency within the 
process sens mm thus better than Ml of Keener Assay. 

The pattern and extent of tbo reoovery ocafixea the tact that 
little oil was lost over tha producing horizon through vertical 
fractures. In addition, the onifomity in r etorti ng efficiarcy 
through toe heated zcoe, lAdloatee that therxal fronts were 
approxinrbely unifrmn over scst of the heated interval. 

The isUfoeaaty of the therm] fronts 1* even mora apparent ia 
Figures 6 and 7. They show horizontal and vertical tevperatoro 
profiles oslflnMrsn for a est of vertical beaters in o fi ve sp o t 
square pattorru the eat need in the calculations included four heat 
io iactam and one contra producer (not atom, but centered between 
the bcetors snows on the fifjorea) . Each heater was eeeueed to be 
24 b long and heated at the rate of 824 W/ol 

proff Irs la Jigure 6 (graphs of tenrxirature variations 
with distances fro* the heaters) vera calculated along a horizontal 
eegaont Ijlj which axrjnda through the odd-pninfa of heatere at 
opposite comers of tr» square* figure 7 is a alailar graph of 
profiles alcrg a vertical eegnsot en the axis of syenetry of 
tha pattern. 

Such caJLeoiAtf on* indicate that by the tiiaa retccting 
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taa*jar«tttre* (27S-W5 °C) art: reached at the centre of the pattern, 
ocre than 87% of ite volm* has boco uunvartnd nhile only about 14t 
of tbe converted voimu bat heated to ooze than 325 *a FUrthanore, 
tha calcvlatiODS irxlicnta that if tbe power ia turned off or 
radusnd before ths oaaTtn? rvacnae a targnt tefreratULW ««tx aa 
325 •C, tha JeveUing off of tho tbaxaal fnonLs will stUJ haat tha 
centre o£ tha pattern to retorting temperatures ew3 wlU also 
reAjce tho baayaratare rina at the boater** lfcda noda. ot operation 
can ensure that lc*» than 10% of tha hatted voluno It beotad to 
not* than 32$ •<:, and ttes cao lacreaaa tha ttrmxl efflctca^y of 
tte peoceea. 

In view of tha cixjva taat otaoTta and tho oalcaiationa raned 
an thoaa reeolto* it appear* mart/ ccotxa to tho prlcr taochinoja 
and buliofa, tha initial i^wnranhility of an oil shale dtpoait can 
b9 Utilised aa an advantage* lbc s^t^i bajaa aaabilifce confirm* 
the fluids and fractnraa within the well p aUern , elnce oo 
paoiaabUity exlata until tha aooa between rtm. hea^IirJectiDa and 
flaidhpgTrkrriryy wlls b eca o e pemeetad by a pattern of heat-irducod 
hnrl rental &actno9# 

in tho turns* jxocwe, the rate at vhirh haat ia transmitted 
into the oil shaOo deposit ia strongly affected toy tha taejoratur© 
gsadiant b e t w een a heat-injecting wall and tha surrounding earth 
forarHnn. In a preferred prooedaro, tha detarninatJona of 
variatioos vfith depth in ttm cascoaitfcm and properties of tbe oil 
flhala depoait include* a dotoflnlnatioo of tha pattazn of heat 
conductivity with depth within the earth fOTTanlma adjacent to tha 
haat-icjaefcina waU. Based on euch detaradnatioae tha taaperaturea 
to vdiich at least ana baet^iirj acting wall it heated ara arrang e d to 
ba ralsttvely high at the depth* at which the host oartoctivities 
of tha adjacent earth ftmationa arc relatively low* Thia tends to 
cane s the fata at Wrlrfri heat is tosjMBiltfcod throosh the aaxth 
Ccrrnationa to he ovfcetaotially unifoxn along the axle of the 
haet-lirjectlng well, town taPo a dnr** can be uUlixed In order to 
provide higher teqpemtavee In portiita of beat injecting wella 
acrjacanfc to earth foemtione of relatively low haat conductivity. 
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For exanple, la veils vtoich are being heated by eleetxioel 
rfttiiUQc«i r ciddltionei resistant elements can be positioned at 
the location At ubieh extra heating Is required, preferably with 
precautions baing taken to avoid the ereetlon of *run-evay hot- 
spots" due to increasing temperature further Increasing the 
reeietanos and thus further Increasing the beating, for example, 
aa described la the connooLy assigned! Canadian patent application 
Serial No. 495,894 filod tioveaber 21 r 1985, by P. VanKeuxs end 
C.F. Veo Kgnood. In wells being heated by coabustion, wore, or 
larger, or more heavily fired, burner elements can be positioned 
lo each locations. 

Suitable determinations of conpoaitiotse and properties 
of the minerals and/or organic components of aa oil ehele deposit 
aod the variation a with depth in such properties can be made by 
aeaos of known veil logging, reaarvotr sampling, and the like 
analytical procedures. The detarainntione can utilize previously 
aeaaured geophysical or geoohemieal data or laboratory or core 
analyses, etc, for esaaple, the variations with depth in the beat 
conductivity of the adjacent formatlone can be determined by 
calculations based on the kinds and amounts of aateriels present, 
and/ or by thermal conductivity lodging measurements, etc. 08 
Patent So, 3,807,227 describes a logging tool oootalnlng a 
constant output beat source aod three tenperatnxe sensors fox 
obtaining a loo of relative therael conductivity mith depth. US 
Patent lo. 3,892,138 describes looglog cased or open boreholes for 
temperature, spool tic heat and theraml conductivity, onploying a 
constant output heat source and three teaperature sensors. 08 
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Patent mo. 3,864, *6» describee a logger for caking atation 
aeaeureaeots ot tberial conductivity by heatin* a tarnation Cor a 
tiae than neasurlag tba rate at which the temperature decays back 
to tba eablent teaperature. U8 Patau t Ho. 3,561, 1*7 daecribae 
locoing thermal conductivity of a casad vail by fteasuring tba 
teaperaturo at the casing wall before and aftar passing a heatad 
probe along the vail. 

Aa indicated above, even vitb respect to a five-spot 
pattern in vbich a alngl* fluid- producing vail Is surrounded by 
four beat*lnjectlng valla, eubataotially all ot tba intervening 
oil 
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shale cat Lo both retorted and aadu pranaabla, However* the preaant 
invention id preferably ceployod iii a ami** of ctxttigem* aeven- 
or tturtecD-apot patterns — in cither at which pattern* 
(particularly in ttm tturteerv-fpoc pattern) the retort iog rata ia 
aignif Irantly increased by having each * Uiid-pxortuciDg well 
surraratea by fiix or twelve haat- injecting ueJl*. 

The wlls used in the present process can ba cojpi*t«i by 
avtoetaotially any ratted for dYi33tag a borehole into and/or 
opening a pre-aoriaHng botehoJe into fluid (xnnmicatico with toe 
wfeterrasean oil sh&Li ioreatian to be mod aimoii whale 
treataent interval. In addition ho having the specified nhwmxx of 
*igni£iamt aarnants of acedia water, t**Jc*nese, and grade of oil 
stale, the interval to which the prewar* proem in applied stouifl 
be capable of confining fluid at least aAataoi Lally within the 
treauient intervals at least in jrespect to allowing no rigrvifinant 
leakage into overlying locations when the proasura of the fluid 
reaches prccese pvessursr and fx a ct um the fbooation vd. title, the 
treatment interval. Tkm boreholes of walla HnwriletTed tor in the 
proaont p gDO ft ttfl should bo substantially pcmlla] acd asperated by 
aobatantiaJly equal distances of at least about 6 xl Borehole 
Bsparation distances between injactnra and paqoscara of fron about 
9 to 30 a are particularly suitable, Boreholes £rea of daviationa 
frcsn parallel which cause variations of rare than about 20 per cent 
of the well dlstaoees are particularly auitabla. 

Id the heab-ijn Jacking walla used in the present process* the 
ca nc el or owaent-lito aeterial which is used to aaal aloog tbu faoa 
of tha oil Mr B oreati on ia preferably relatively he a t-copdoctive 
and aubatantially flaicViiapaTraahla. Particularly preferred cerants 
are stabla at tataperal Br as, of at laaat about 800 *C, have a 
relatively hi£i thfnmnl conductivities , relatively low paxaeability, 
littlo or no shrinkage, an adequate eaea of capability and good 
creed caJ resistance, etc. Tha perneabiHty and disposition of the 
sealing oeterial should provide a aeai capable of preventing any 
significant aeorit of fluid flow between tha interior of the 
rcretole and the tea of the oil abale fioraatico, bo that the 
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ixenwfer of heat frc« the wull to the foraetico ia •abrtactri^lly 
«otir»Jy by ootvtatiai. Hhtxo portions of the heat-injecting Mil 
borotole are effeetJ^y Increased in diasetcx near uppar aod kMu: 
c*trcadti*a of tbs taartaaent ii7tarv*l, for exanrAe, by uofer- 
remiTtQ, the diatutars of the increased portions ere preferably at 
least about 110% of Lbe ncainal tnrehclii duanjtar, Caldxn 
alioinateHxrded ooocretes and/or canasta containing almin- 
siliuate aggregabea (or fins pArtirJ.es) are particularly suitable 
for use as such fomaHro face-saaltng watseriala, £xsjjrjJes of 
suitable ceumts and concretes Inoludm these described is OS 
patents such as 3,379,Z32j 3,507,332 aod 3,595,642. 

Figure 8 above a portion of a hcat-irrjocting voll borehole, 
borehole 1, which is auitatrt* for use in the present invention and 
is located within a troataent Interval of subterranean oil shale 
deposit, ftoreholc 1 ocntains enlarged purticne, uch as portion* 2 
and 3, whicb can be torrod by ccowcotional proocdurcs such as 
aodbrn»atin<? daring dri l li n g, etc. * casing 4 is shown positioned 
within the borehole aod oeeenb a d into place witta a ftuid> 
lxpemablD» haat^coAietive nebsrial, each as oeeent* 

vtLthin each enlarged borehole portion, tho easing 4 ie 
aguLsped with at lesst one bast-conductive wetal eleneet, so* as 
collar 6, contairdng radially extensive elementa or portions, such 
as flexible oetal waters 7. Booh h oatr conductlvo wwrrrlftla torn 
relatively highly cendncti vs paths fnr conducting heat frao within 
the. interior of a borehole to substantially the wail of an enlarged 
portion of ehe borehole. Dtaxplas of suitable heat-ooaduotlve ratal 
eleaente Jnrlrrsi oartal well scrstchers, turbulence intoere, 
oentcalUers end the lite such as a aaneer-Lok Turbcbonder, or 
BoltLok IXirbcfccoder, available from Baker lire division of Stake*? Oil 
fools or a 101 Bar 8 ocatrallaur available froe Antelope Oil tbol 
ani Nan»tac1ajrlng Ccmpmr/, cto. 

With an ereyaj e e e nt of the type shorn in yigure 9, at leest to 
■una exbaet, the front of beet trerendtted away from a heefc- 
iuj acting well con be ends tore irrifhra along a vertical line 
traversing a layer of relatively low hast conductivity without the 
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rmcmmxLty of teUntatning a bicphur tanperoture in the pnrticn of the 
well adjacent to that layer. Htan a uniloao tutfumtm ia 
wiint/tinsri within the interior of the borehole, the eartb fnnwti.cn 
face, along *udb <m enlar^d portion of tha borcholo bcooaea heated 
to nubdt^otlany the sac banpasatBg e as tt» fbiupUtoa face along 
noTRMer porticna of the borehole* Sima> t*w fm of tto foemtion 
adjoining the borehole la boated to the highest t*nperatare of any 
portion ia tha fanaticn, tha teOfttXttturc gradient ttxteiVHnj 
radially away tea the enlang^d portion of the boro-bola i* ahiftad 
radially away frtn tha borehuJ*. 

Tn genaxal, the hwiting of tha Lntwricr of tha heat-injecting 
wall cm ba accomplished by substantially aoy type of baetinj 
device, such aa oatxaticn and/or electrical type of hratitvg 
oioomtj. or the liht. The basting elegant should extend 
cNtetantially throughout tb* craataent interval (preferably 
throughout at l»wt about 80 per cent of that ixrturvai) . Hbare a 
rertrxwt.lon type hooting elerent ia used* a gas-fired heater la 
preferred. B» fbel and reirtants fox a ceataetLon he ater (such ee 
tpathana and oxygen) arc* prafarably atvplied trough separate 
conduita leading through a heat exchanger in Wiioh tha (matin g 
fluids are heated by tha outflow^ ooafcaatiOQ prodacta. The burner 
iiajamg and Child conduits of a nprhn art inn heater are preferably 
installed within a well conduit vfalcn. iJ aurr&rjadad by an annular 
apace that ia filled by tha ceaent for sealing the face of tha oil 
sMla. Oaoerally suitable typae at ccefapel ion heaters which could 
be arranged for use in the present prooeee are deaa Ibad in as 
Potent* each aa 2,670,0021 2,780,450 and 2,902,270, 

An electrical reslstenae heater la pexttoUarly suitable for 
heating the intae-unr of a haat-irrjecting waU in tba present 
process. A plurality of resistance elegants are preferably need. 
Tba n-edatanoe elenanta can be eewted within or external to an 
intarnal cononlt or rod, or tdsply extended into the borehole, ltan 
toe reuiatanoee are astern al to, or are free of a sappcrting 
elanent, such aa a conduit or rod, they ere preferably enbedded in 
the ccxent vdilcb scale the face of the oil shale along the 
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nTYttn'flnf interval* GmrnUy suitable types of electrical teatum 
which could bm arrnnoad fcr m in the present prcasx ant 
described In US FaftlitO such on 2,472,445r 2,<iM,063, 2, 670, 802 i 
2,732,195 and 2,954,826. 
5 In various reservoir sitaaUflne, portions of an ail anal* 

deposit which Mould, in gsnerjd, be saittbic for una ok a tzutnot 
interval, as dtomribad in cur pemnt arplJcatiari, any bo paasttstad 
by nauural fractures and/or planes of weakness. Ouch relatively 
vmX recks way undergo relatively long c yt a rwrim g of vertical 

10 fracture* when prwumrized Quids being diaelaceJ away £zun en 

ixrjectloa wall otxn into tbsa. This wcy result in extaending fluid 
pas»»gs«fys beyond tho openings into pratatioo wells urd/or into 
adjacent aquifexB capable of causing an inflcw of «obar to bd 
oKtant dHtriwvUi to the oil reoowary process. 

J5 w*. havu co* ditfuowad that seen pgnsmture fracture exLensicns 

can bs avoided by drilling and hurting •guard walls* within such 
rwlattvaly weak oil shalo zoom in location* surrouoling a pattern 
of heat injecting and fluid producing wells sod/or Id InrgiHm s 
intorndttsnt bstwaen a haat injarring or fluid producing wall and 

20 an adjacent acinar. Such guard valla are used for ccnoYoctively 
heating ens adjoining tarsal substantially bhroag h on t tha oil 
*hala interval to be treated co a besyeratare which is too low to 
gasify significant proportions of t*wj oil shale organic ecopenents 
bat is high enough to onus* a aignifirant tnaraal erpsnadon of the 

25 redo* Whan thorn rocks axe heated tits natural fractures ora> keyt 
closed and ths fract uring caused by the sppmaching pressurized 
fluids (displaced sway frca heat-ln^ecting wells) tends to be 
Hn<+/v> to tractate* concentrated along the sides nearest 

to the hsat-irrjactlng well J. wxjero fluid producing walla are 

30 located substantially bstwaan tha hss*-in>ctirjg walla and the 

guar* wells, the .fractures arc pfsxWwntlally arbsacad into those 
wells, where the high fluid prmuras are quickly reducad by tha 
production of the inflowing fluid. 

Tha encountering of such relatively weak reservoir recta is 

35 apt to be iaiioatad by an inflow of water into wells drilled into 
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suet) rocks, m gaaral, tha natural Gcactare* uniting 0 r*iafciv* 
waafcnwi and/or watex inHow on be thernally olowd by a 
ralAti\«Jy nild b^rtiwjf, a» Long tho fracture porosity in Dot 
fit** than afcojt 5 par cant* 
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L. In a proosss in which ail is pradnced fmok a subterranean oil 
nhel* deposit by extending at Uviat era each of beet-injecting and 
flnid-praducin^ into the dopoeit, fcfit^l lahing a haat- 

condbotive flidcViopoosjabls barrier beewasn tbQ fcttarlor of each 
heat-injecting fc»U end tha adjacent deposit, and than bating the 
Jntsador of «ach heafc-injocting wall at a ta Eo a rata ra sufficiant to 
cOndactivnly beat oil shale terogsn and cause ryroly&ta product* to 
ram frnocuras within the oil shale deposit through which tbo 
pymlysia products ato displaced into at laoat con production wall, 
on Japrovront tor enhancing- ti» unifoodty of tha bast fronte 
novin? thxwoh the oil shale deposit, which rmprlarei 

datandgjgg variations with depch to ths ocffrxwitjoa and 
properties of the oil ehals deposit? 
ccoylnring said bafit^LrtJacting end f hriJ - oxofrrrinr? walls 
aalectiveiy Into a eroataan t interval of oil stasia in which 
tha oil sfaaXe deposit (a) is at least about 30 jo thick, (b) is 
substantially iapaxnesbla and free of soblle vater# (c> has a 
oooyoaitlOQ aod tfaloknesS each that tha prodaot of tha average 
Fiachsr Asxay axade tines ths thickness of ths t reatm en t 
interval is at lssat about 900, and (d) ttwrsby oontaina 
coaponenta capable of interacting in a tanoar enhancing tha 
^ifqtndty of a front of con*rc*±voly transmitted heat, with 
said walls being arraogad as that, at leaat sityitantially 
Chicoghoat said traatwrtt imwval, ths veil borehole* are 
9±«tantlally parallel and era separated by aobatantially 
eajuej. distances of at least about 6 eu and 
within ths interior of audi haat-irrjacting w*ll wdntaiiUng an 
awtssi tsKpsxatune which, aalactively slang said taaabssnt 
interval, is at lmst about «Oo *c, not is not hi£i enough to 
thaoaily darage cp^Unent within tbc wall, whila baat is 
being transnittod away from the well at a rate not sign!- 
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ttcanfcly factor than that parcdttad by the timml oon- 
Axtiviidjw of the earth fhflagtions adjouwnt to the bmabm* 
intsrvol within the wbU. 

2. The process of claixi 3 in which, to the extent require* to 
keep the rata tft which hot is transmitted U ir ufFti the ail Shale 
deposit Substantially vniiuott along tbu aw of the heated interval 
of Uvj heat-injecting wall, the ^x*"'*'""* which at 

leant cm bent-injecting well is heated is relatively higher at 
dapth* adjacent to partices of the oil stale deposit in which the 
hoot conductivities ore relatively lower, 

3. ttc process of claim 1 in which the rote of heating the 
interior of at least one heat- injecting well is varied to an esteot 
causing on affective levelling off of the Cheroal front so that Che 
rota of advance thztv^i the oU shale of tb» thernei Cron* is 
ornrlnnfri at substantially the sum rate while the rate of Increase 
of the teepersoire within the booeholo is significantly xodoosft. 

4. The pcoaeee of daixi 1 is which the heet^jeatijjB and 
fluidTpcoducing wells are arranged in a aeries of contlflaouM 
patterns in which each fluid-producing v^l is enrmue s l by at 
laest four oaat-injectuag wells. 

5. The ncoceee of tfai» 4 io which each fluld^codUcIng wjell 1b 
aorroupaed by twelve hea fc-daj e cti ag wells* 

6* process of clain 1 in which the oil shale credo is at 

least about 20 gallons per ton and the ozadertttcsness product is 
at least about 4MU. 

7. the process of claim L r comprising the stops of 

in each heat-injecting well » eohetsntlaUy thrcootoot the 
fcr e ata cn t interval* sealing the face of the oil shale forjaaticn 
with a solid neteriel which is relatively heat-ccodaotive end 

in at least one heat-injecting well increasing the effective 
dLwntuar of the hocehols in et least one portion of the treatient 
interval end extending at least one heatrcendBctiee ratal elsoeot 
ten within the Interior of the borehole to near the face of the 
Bo a ^fOe>rgsd portion of the boxeholey and 
- in each lluid-pxodusing well, e c r*e fca n t ially throughout the 
txntnant intervals ect abliahing flnid cosmrdcation between the 
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well bore and the oil afaalc fhnmftHnn ard arranging the wtll tor 
predueinc. fJuixV from Ihe oil shale fonoatioo. 

8. Pie process of daiae 7 in whlrf* tha rstsadai —ling ths teas 
of thsr oil shala fornstioa along th» borwbola ot a bnrt-in>ctlDg 
well Ls a oMittA arranged to fill substantially all of the space 
between the outomist aetallicr alanant* within tho interior of tbe> 
boretole and ths faai of the oil shale fomntfon, %CLCh eatf oersjnt 
having a thermal aoodurtivity et 3eurt msattsfrttally as high a* 
that of tho oil shale fomatiod. 

9. 'The porccees of olida 1 in which at least one veil located near 
ao adga of a pattern of beat-injecting ana Huifih^odpcing valla is 
extooded substantially throughout the txaetaent interval and hsurtsd 
at a tarparature high sfttcgh to cnuaa o tbemnl a^aaHn? end/or 
compressive strcsaing of the- adjacent earth Carnations bat leer 
enough to avoid significant themal scbiliffatioei of organic 
coagenante of the oil afaala. 

10. The proooss of cl&ln 9 in which at least one ao heated well is 
subsequently heated at about t±m ts s porafapr e selected for the 
heating of the heat-Injecting wells being employed* 

1U fha process of claim 1 in which the wall hnrahnlea of said 
haat-in jection sod ftvAA pcnAning walla are se p arat ed by 
substantially equal distances of about 9 to 30 n. 
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ABSTRACT 



concrxvBi? hbnrns a sbxbbrmbaii ot, sualc so 



shale oil 1» «t>fi99»ntly p rod u ced from a g fcoarra paap 
interval of oil shale, where the interval la initially 
subrautlaUy *speoa»abI* and contains a specifJaa pads end 
thickness of oil shaJa. Said interval i* ccndectiwely heated fran 
brMbuls interiors which are Kept hotter than about «00 *c and ar« 
heated at a rate such that kerogsn pyzoXysle prodccts tawed vittiin 
th» oil efaaJa create end fin* throjqh horizontal fracture* «hioh 
subeegueotly beoono att ended Juto fhii6>pc©ajclflg veils that axe 
poalUoned la specified location** 



